ABSTRACT BACKGROUND Heart failure with preserved ejection fraction (HFpEF) has a complex etiology. Factors responsible for
H eart failure with preserved ejection fraction (HFpEF) accounts for at least onehalf of the total heart failure (HF) burden, and continues to account for a high rate of morbidity and mortality (1) (2) (3) . The aging population and ongoing epidemics of obesity, type 2 diabetes mellitus, and hypertension will fuel the continued growth of HFpEF in the developed and developing worlds (1, 4) . HFpEF is of multifactorial etiology, and it has been proposed that separation of these mechanisms might be the key to finding more effective interventions (5-7). Although increased left ventricular (LV) stiffness and delayed relaxation lead to exercise limitation in HFpEF by restricting LV diastolic inflow and elevating LV filling pressure, diastolic dysfunction does not worsen during exercise in some patients (8, 9) . In addition to diastolic properties, HFpEF is attributable to the interaction of synergistic factors, including systolic performance, atrial mechanics, vascular stiffness, endothelial function, 
METHODS
PATIENT SELECTION. We prospectively enrolled 207 consecutive patients satisfying the HFpEF criteria specified in current guidelines (19) . These patients were characterized by:
1. Signs or symptoms of HF (dyspnea, fatigue and exercise intolerance) including New York Heart Association (NYHA) functional class II or III, defined by exercise capacity reduced >20% from age-and sex-predicted normal ranges; 2. Preserved LV ejection fraction ($50%);
Diastolic dysfunction (20).
A total of 60 patients with a profile of underlying diseases analogous to the HFpEF group and with LV structural damage, as expressed by LV hypertrophy and/or reduced global longitudinal strain <18%, but with normal exercise tolerance (stage B HF) were also recruited from hospital clinics. All patients with stage B HF satisfied LV diastolic dysfunction criteria.
We excluded patients with atrial fibrillation or flutter; ischemic heart disease (defined by the presence of atherosclerotic lesions at coronary angiography in HFpEF patients or inducible ischemia during exercise testing in all participants); moderate and severe valvular heart disease; body mass index Kosmala et al.
Nondiastolic Factors in HFpEF F E B R U A R Y 1 6 , 2 0 1 6 : 6 5 9 Right ventricular (RV) deformation was evaluated from the RV-focused apical 4-chamber view, and RV strain was analyzed offline using the same software.
The measurements comprised the greatest negative value on the strain curve and were presented as the averages from all segments interrogated.
The assessment of left atrial longitudinal strain was carried out in the apical 4-and 2-chamber views using the onset of the P-wave as the zero reference point, allowing measurements of deformation at atrial contraction (the first negative component) and total left atrial deformation (the sum of peak negative and peak positive components). All echocardiographic parameters were averaged over 3 consecutive cardiac cycles. Skewed variables were analyzed after log transformation. Receiver-operating characteristic (ROC)
analysis was used to evaluate the ability of particular variables to predict impaired exercise capacity. Differences in the area under the receiver-operating characteristic curves (AUCs) were analyzed using the z-test. Changes in particular parameters with exercise were calculated by subtracting the pre-test value from the post-test value and were expressed in the units of their measurements. The reproducibility of
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DISCUSSION
This study demonstrates that multiple cardiovascular abnormalities underlie exercise limitation in patients Values are mean AE SD, n (%), or median (interquartile range).
C1 ¼ heart failure with preserved ejection fraction patients without exercise-induced increase in LV filling pressure (E/e 0 <13); C2 ¼ heart failure with preserved ejection fraction patients with exercise-induced increase in LV filling pressure (E/e 0 > 13); C3 ¼ heart failure with preserved ejection fraction with elevated LV filling pressure (E/e 0 >13) both at rest and exercise; other abbreviations as in Table 1 . Values are mean AE SD. Tables 2 and 3 .
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The interaction between the heart and the systemic Our results suggest that patients with functional
intolerance, but no evidence of worsening diastolic Abbreviations as in Tables 2 and 5 . In this study, BNP levels measured in resting conditions were raised only in patients with complex
HFpEF from group C3, that is, with baseline E/e 0 >13
and further increase in E/e 0 during exercise, which is consistent with previous invasive investigations (34) . This observation is compatible with a greater severity of myocardial dysfunction in this group and underlines the challenge of applying cutpoints of resting BNP measurements to the identification of HFpEF (35). Nondiastolic Factors in HFpEF
